Microbial transformations of pesticides have provided an alternative route for synthesis of pesticide intermediates (4, 6) as well as a means of comparing metabolites produced microbially with those produced in higher organisms (7) .
F5231 {1-[4-chloro-2-fluoro-5-(ethylsulfonylamino)phenyl]-1, 4-dihydro-4-(3-fluoropropyl)-SH-tetrazol-5-one} is a new herbicide under consideration by the Agricultural Chemical Group of FMC Corp. Its structure is given in Fig. 1 . Its synthesis and properties are described in the patent application (G. Theodoridis, Patent Cooperation Treaty (PCT) International Application WO 87 03,873, July, 1987, U.S. patent application 814,575, December, 1985; Chem. Abstr. 56109h, 1988). The objective of this study was to identify microbial metabolites of F5231 for subsequent use as metabolite reference standards in soil, plant, and animal metabolism studies.
MATERIALS AND METHODS
F5231 has the following spectral properties: MS, mlz (relative intensity) 383 (4), 381 (11) , 281 (4), 280 (37), 278 (100), 199 (9) , 188 (11) was synthesized by Du Pont, NEN Research Products, Boston, Mass., and had a specific activity of 18.0 mCi/mmol. Its radiochemical purity was determined to be 97.9% by thin-layer chromatography (TLC) (ethyl acetate-hexane, 3: 1). Solvents used for chromatography and extractions were purchased from J. T. Baker Chemical Co., Phillipsburg, N.J., and were HPLC grade. Soybean grits were purchased from Archer Daniels Midland Co., Decatur, Ill. All other materials were of the highest purity commercially available.
Microbial transformations. Microbial transformations of F5231 were accomplished with the filamentous fungus Absidia pseudocylindrospora Hesseltine et Ellis (ATCC 24169). The culture was maintained on potato dextrose agar (Difco Laboratories, Detroit, Mich.). Microbial transformations were performed with a Gyrotory shaker (model G-2; New Brunswick Scientific Co., Inc., Edison, N.J.) operating at 200 rpm at 25°C in 250-ml Erlenmeyer flasks containing 50 ml of a soybean-glucose medium previously described by Betts et al. (1) Structures of the metabolites as well as a proposed bioconversion pathway are presented in Fig. 2 . The metabolite profile suggests that neither the aromatic nor the tetrazolinone rings had been modified by fungal enzymes. Instead, attack occurred only at the ethylsulfonylamino and fluoropropyl portions of the molecule.
We postulate that metabolite 1, the carboxamide, is formed from metabolite 4, the carboxylic acid. A similar observation was previously reported from microbial transformations of the anti-inflammatory drug fenclozic acid (5) . In that study, the acetic acid side chain (analogous to the propionic acid moiety of metabolite 4) served as the preferred site of microbial attack, being converted to a carboxamide by eight different microbial species. Additional reports in the literature of similar transformations include the bioconversion of the vitamins biotin and desthiobiotin by the yeast Rhodotorula flava (8, 9) .
The formation of metabolite 3 was unexpected, since it represents displacement of fluorine from a relatively stable carbon-fluorine bond. To confirm the structure of this metabolite, the "9F NMR spectra of metabolite 3 and of the Cleavage of the carbon-fluorine bond in fluoroacetate has been observed previously with halidohydrolase enzymes isolated from both bacterial and fungal species (2, 11) . These enzymes, however, were found to have a rather narrow substrate specificity and are not considered general in nature for the cleavage of carbon-fluorine bonds (3). It therefore seems doubtful that a similar halidohydrolase operating in A. pseudocylindrospora would act on the structurally more complex F5231. Therefore, the nature of defluorination of F5231 mediated by this fungus warrants further investigation.
It is likely that once it is formed, metabolite 3 serves as a precursor of metabolite 4. An intermediate aldehyde, although postulated, was not detected in organic extracts of the culture filtrates.
Metabolite 2 did not give a significant molecular ion at mlz 321. Therefore, a synthetic standard was prepared by the procedure described in the patent application (G. Theodoridis, PCT International Application WO 87 03,873; U.S. patent application 814,575; Chem. Abstr. 56109h, 1988). MS and NMR spectra were consistent with the proposed structure and matched those of the fungal metabolite. We postulate that metabolite 2 arises from the hydroxylation of the sp3 carbon atom alpha to the alkylated nitrogen of the tetrazolinone ring of either F5231 or its metabolites. This would lead to instability, cleavage of the carbon-nitrogen bond, and formation of an aldehyde and the N-dealkylated metabolite (10) .
For purposes of obtaining MS, NMR, and IR spectra, metabolites were individually isolated in quantities ranging from approximately 1 mg (metabolite 6) to 7 mg (metabolite 4). These metabolites, having been identified, can now be generated in larger quantities and used as analytical reference standards in animal, plant, and soil metabolism studies which are required by the U.S. Environmental Protection Agency to support the registration of agricultural chemicals.
